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In recent years, altered mitochondrial structure and function have been associated with many neuromuscular diseases (see review, Carafoli, 1980) . Wrogemann & Pena (1976) proposed a hypothetical sequence of events leading to cell necrosis through a vicious cycle of mitochondrial Ca' + overloading which may be common to muscle diseases of different aetiology (cf. Joffe et al., 1981) . This proposal has led us to examine Ca2 +-dependent respiration and the uptake and efflux components of Ca2 + transport by skeletal-muscle mitochondria in denervation-induced atrophy in the rabbit.
New Zealand rabbits of either sex (2.5-3.0kg body weight) were denervated under 'Fluothane' anaesthesia (I.C.I. Ltd., Dublin) by transection of the sciatic nerve in the mid-thigh region. To prevent re-innervation a section of 1-2cm of the nerve was excised. The animals were killed at intervals of I , 2, 3 and 6 weeks, after denervation. The gastrocnemius and plantaris muscles were removed and mitochondria were prepared by the method of Allshire & Heffron (1984) using trypsin digestion. Respiration rates were measured polarographically at 25°C using a Clark-type oxygen electrode. Calcium uptake and efflux were monitored at 25°C with a Ca2 + electrode (Radiometer, Copenhagen) linked to a PHM-64 meter and interfaced with a Hewlett-Packard 85 microcomputer. Mitochondria were incubated in 120m~-KCI, O .~~M -K H~P O~, 20m~-imidazole, (pH 7.4). 0.1% bovine serum albumin and energized with 5 mM-glutamate/5 mwmalate. In all cases the contralateral leg muscles were used as control.
The capacity of mitochondria to accumulate Ca2 + is decreased as compared with controls. The respiratory parameters, namely respiratory control index (RCI), Ca/O, state 3 and state 4 Ca'+ -stimulated respiratory rates, are not significantly altered but it is not yet clear if there are significant differences after 6 weeks (see Table I ). C a 2 + uptake rates at a Ca2 + load of l00nmol of Ca2 +/mg of mitochondrial protein are significantly lower in the 1, 2, and 3 week denervated animals with values of 93.25, 97.5 and 103 respectively as compared with a value of 140 for the controls. When uptake was completed, further uptake was inhibited by the addition of 1.3 pM-Ruthenium Red. Basal efflux is not altered. Preliminary experiments on N a + -stimulated Ca2 + efflux (15m~-NaCI) indicate an increased rate in denervated muscle mitochondria compared with mitochondria from contralateral controls. In a study of CaZ + retention times the mitochondria were allowed to accumulate calcium (load lOOnmol/mg and 200nmol/mg in separate experiments) before addition of Ruthenium Red and then left to incubate for 90min and the basal efflux rate was continuously monitored. During the first 2Omin the rate for the denervated mitochondria did not differ from that of the controls but subsequently it increased from an initial value of 0.07 to a value of 0.25nmol/mg per min after 30min. The control value was unaltered. At a C a Z + load of 400nmol/mg the basal efflux was higher in the denervated mitochondria at all stages, i.e. an initial rate of 0.32 as compared with 0.09 in the controls, increasing to a value of 0.52 after 20min while the control rate remained relatively static.
In denervation-induced atrophy Ca2 + uptake and capacity by skeletal-muscle mitochondria is considerably decreased as is the case in some muscular diseases such as malignant hyperthermia and Luft's disease (see review, Heffron, 1979) . Basal Ca' + efflux under energized conditions was increased at higher Ca2 + loads ( > 200nmol/mg) in the denervated muscle mitochondria but was unaffected at low loads of Ca2 + (< 200nmol/mg). Similarly, Ca2 + retention times at high C a 2 + loads were reduced compared 
The intrinsic fluorescence of SR membranes has been reported as a monotonously decreasing function of temperature (Boldyrev et al., 1982) . This is in contrast to the known transition temperature exhibited by calcium accumulation and ATPase activity in these preparations (Inesi et al., 1973) . Considerable evidence suggests that some conformational change of the Ca2 + ATPase occurs around the critical temperature (Kirino et al., 1978; Thomas & Hidalgo, 1978; Burkli & Cherry, 1981) . Further dissection of the temperature dependence of the intrinsic emission is reported in this communication, employing second-derivative spectroscopy in conjunction with a multicomponent analysis. SR was prepared as previously described (Birmingham & Heffron, 198 1). All fluorescence measurements were performed on a Perkin-Elmer MPF-43A spectrofluorimeter, thermostatted and equipped with a polarization accessory. Computer acquisition of fluorescence intensities and emissions spectra was via a fast 8-bit analogue-to-digital converter interfaced with a Hewlett-Packard 85 microcomputer. Calculations of derivative spectra followed the recommendations of Butler (1979) with final numerical conditions as follows: 0.2nm per point resolution with a step size of 22 followed by a 9-point digital filter. Derivative spectra were then transmitted to a DEC-VAX 1 1/780 mainframe computer. Multicomponent analysis of second-derivative spectra employed a modified Levenberg-Marquardt non-linear least-squares algorithm (Brown & Dennis, 1972) . Reciprocal data weighting was used. Theoretical derivative spectra, in conjunction with weighted residual and auto-correlation function plots, were used to judge the adequacy of the model.
Initial experiments revealed that the tryptophan emission anisotropy of SR was quite high (0.2), only slightly decreasing with increasing temperature (4-40°C), whereas values of 0.09 were obtained if tyrosine residues were also excited. Thus the bulk of the tryptophan residues appeared to be experiencing only limited rotations. Second-derivative spectra showed the bulk of the tryptophan signal considerably blueshifted (329nm), with a shoulder at 353nm. Thus a buried hydrophobic location for the bulk of the tryptophan was indicated, with the 353nm shoulder reflecting the solvent-exposed residues remaining. In order to quantitate the respective populations, the following model spectra were employed. N-acetyltryptophanamide in aqueous buffer, giving a typical second-derivative minimum-maximum pair of (353, 393), was adopted for the exposed tryptophan model. The same compound, but dissolved in tetrahydrofuran with a minimum-maximum pair of (327, 370) . was taken as the blue-shifted buried model. The appropriate backgrounds Abbreviation used: SR, sarcoplasmic reticulum.
were stripped off the buried and exposed model spectra before derivative calculation. The third component of the model consisted of the background second-derivative spectrum. The differing temperature dependencies of the buried and exposed models were allowed for before multicomponent analysis. Twenty-five SR tryptophan emission spectra were collected on a single sample over the range 4-40°C, and second-derivatives calculated for each temperature. The amplitudes of the three model components present in these derivative spectra were estimated by searching for the optimum combination of the basic second-derivative spectra to give the best fit in the least-squares sense. The fit was poorest at very early points of the spectra but good in the region of the 353nm shoulder. Overall, the autocorrelation functions showed some remaining systematic deviations. Fig. 1 shows the amplitudes for the three basic components obtained as a function of temperature. No dramatic shifts in either the exposed or buried tryptophan populations are evident as the temperature is increased. While recognizing that the model used may be too simple, as indicated by the auto-correlation functions obtained, it is reasonable to conclude that no major conformational transitions involving changes of solvent t
